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(54) FORMATION OF TRANSPARENT CONDUCTIVE FILM 

(57)Abstract: 

PURPOSE: To avoid difference in thickness by applying ultrasonic 
vibration to a nozzle to spray and whereby reducing the diameter 
of an atomized metal compound and homogenizing it for effective 
adhesion to the surface of a substrate to be adhered. 
CONSTITUTION: Ultrasonic energy is applied to a liquid metal 
compound 2 fed from an inlet port 8 to an atomized surface 9 by 
a piezoelectric device 10 to promote atomization. Effective 
atomization is achieved by designing the ultrasonic vibration so 
that the amplitude of the vibration reaches a maximum level at 
the atomized surface 9, and further grain refining and 
homogenization are achieved. A transparent conductive film in 
which difference in the thickness is drastically reduced, is thus 
formed. Since the grain refining with high atomization efficiency is 
achieved, the mass is reduced in relation to the momentum of the 
grain, and recoiling on the surface of a substrate to be adhered is 
small. Difference in the thickness is reduced thereby. 
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y * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] . 

[Claim 1] The formation approach of the transparence electric-conduction film characterized by to 
make it blow off from the nozzle with which the liquefied metallic compounds for transparence electric 
conduction film were impressed to supersonic vibration using compressed gas in the shape of a fog, to 
spray the fog-like metallic compounds on the front face of the base for covering, to form the metallic- 
compounds film, and to form the transparence electric-conduction film by heating this metallic- 
compounds film and oxidizing it at 200-600 degrees C in the ambient atmosphere containing the inside 
of air, or oxygen after that. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This. invention relates to the formation approach, of the transparence. electric 

conduction. film without. thickness nonuniformity with a spray method.. 

[0002] 

[Description of the Prior Art] Recently, the transparence electric conduction film is briskly used for 
image sensors, the liquid crystal display, the touch panel, etc. the ingredient of this transparence 
electric conduction film — In 203, Sn02, an Iri-Sn-0 compound, Ti03, and Sb 203 etc. — it is 
proposed and that part is already put in practical use. As the formation approach of this transparence 
electric conduction film, ** vacuum deposition, the ** sputtering method, ** reactive-sputtering method, 
** spray method (evaporative decomposition), ** glow discharge oxidation style, ** CVD method, etc. 
are proposed. 
[0003] 

[Problem(s) to be Solved by the Invention] However, each of **, **, **s, **s, and **s needed vacuum 
devices, and the facility took great costs to them, and there weretime amount and a trouble of **** for 
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cost also in the maintenance among the formation approaches of the transparence electric conduction 
film of these proposals. Furthermore, by these approaches, large-area-izing a membrane formation side 
also has the trouble of being difficult. And although target material is used in **, **, **, and **, it is not 
used for transparence electric conduction film, but all the prepared target material remains intact, and 
the trouble of raising the part and a manufacturing cost also usually has it 60 to 70%. 
[0004] On the other hand, in the approach of **, the metaled organic substance and metaled complexes, 
such as In, Sn, and Sb, are applied by the spray, subsequently, the thing made to heat and oxidize at 
200-600 degrees C in the ambient atmosphere containing the inside of air, or oxygen — In 203 etc., if it 
is the approach of forming on a substrate and is this approach A pattern can be formed without 
FOTORISO by carrying out by using a metal mask etc. (or screen-stencil). 

[0005] By the approach of this **, since vacuum devices were not needed, the above-mentioned trouble 
was cancelable, but on the other hand by using a spray, the nonuniformity of the thickness of the 
transparence electric conduction film arose, and there was a trouble that translucency and conductive 
variation were made between the transparence electric conduction film arranged by a large number by 
this. 
[0006] 

[Means for Solving the Problem] The formation approach of the transparence electric-conduction film of 
this invention is characterized by to make it blow off from the nozzle with which the liquefied metallic 
compounds for transparence electric conduction film were impressed to supersonic vibration using 
compressed gas in the shape of a fog, to spray the fog-like metallic compounds on the front face of the 
base for covering, to form the metallic-compounds film, and to form the transparence electric- 
conduction film by heating this metallic-compounds film and oxidizing it at 200-600 degrees C, in the 
ambient atmosphere containing the inside of air, or oxygen, after that. 
[0007] 

[Function] If it is the formation approach of this transparence electric conduction film, since supersonic 
vibration will be impressed to a nozzle, it equalizes, while the path of the generated fog-like metallic 
compounds becomes small, and such fog-like metallic compounds adhere to the front face of the base 
for covering efficiently, and can form the good transparence electric conduction film with which the 
nonuniformity of thickness became very small by this. 
[0008] 

[Example] Hereafter, the example of this invention is described. 

[0009] Drawing 1 is the schematic diagram showing the formation approach of the transparence electric 
conduction film of this invention, and drawing 2 is a sectional view of a nozzle used for this formation 
approach. 

[0010] In drawing 1 , 1 is a tank containing the liquefied metallic compounds 2 for transparence electric 
conduction film, and 3 is a spray. Moreover, 4 is a metal mask, 5 is a base for covering, and 6 shows the 
film for transparence electric conduction which is not, heat-treated [ which was formed by the front face 
of the base 5: for covering ]. 

[0011] In such a configuration, it is moderately sent to a spray nozzle 3, these liquefied metallic 
compounds 2 serve as the shape of a fog 7 by this spray nozzle 3, and the liquefied metallic compounds 
2 in a tank 1 face to the base 5 for covering. And membranes are formed by the predetermined 
configuration with the metal mask 4. 

[0012] According to the nozzle 3 shown in drawing 2 , 8 is the inlet of the liquefied metallic compounds 
2, 9 is a atomization side, and the liquefied metallic compounds 2 are conveyed toward the atomization 
side 9 from this inlet 8. Moreover, 10 is an input terminal for impressing a piezoelectric device and 11 to 
this piezoelectric device 10 electrically. 

[0013] In the nozzle 3 of such a configuration, the ultrasonic vibrational energy generated by the 
piezoelectric device 10 joins the liquefied metallic compounds 2 conveyed toward the atomization side 9 
from an inlet 8, and the atomization is promoted. It can be made to equalize, while being atomized 
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efficiently and carrying out grain refining more by this by designing so that the amplitude may become 
max to the supersonic vibration in respect of [ 9 ] atomization. 

[0014] As a component of the above-mentioned liquefied metallic compounds 2, there is a metal organic 
substance metallurgy group complex etc., for example, there are the neo decanoic acid In, neo ■ 
decanoic-acid Sn, octylic acid Sn, neo decanoic-acid Sb, octylic acid Sb, etc., it is independent, or these 
are combined and used. And this component is melted to solvents, such as a butanol, toluene, an 
acetylacetone, TORIKURORU trifluoro ethane, and Normal butyl acetate. 

[0015] In this way, according to the formation approach of the transparence electric conduction film of 
the above-mentioned configuration, while carrying out grain refining more, the fog-like liquefied metal 
organic substance made to equalize can be applied to the front face of the base 5 for covering, and the 
film 6 for transparence electric conduction with which the nonuniformity of thickness became very small 
by this can be formed. Moreover, according to this formation approach, atomization effectiveness is high, 
since grain refining is carried out and mass becomes small by relation with the momentum of a particle, 
the recoil in the front face of the base 5 for covering becomes small, and the nonuniformity of thickness 
can form the film 6 for transparence electric conduction which became very small also by this. 
[0016] Next, by heating this film 6 for transparence electric conduction, and oxidizing it at 200-600 
degrees C, in the ambient atmosphere containing the inside of air, or oxygen, the transparence electric 
conduction film can be formed, neither translucency nor conductive variation is between the 
transparence electric conduction film arranged by a large number by this, and the uniform property was 
acquired. 

[0017] this invention person etc. conducted the following experiment based on the above-mentioned 
technical thought. 

[0018] (Example 1) first — the liquefied metallic compounds 2 — neo decanoic-acid indium In(C9 
H19COO) 3 Neo decanoic-acid tin (C9 H19COO) Sn 4 mixture — using — the mixing ratio — the . 
acetylacetone was used for the solvent of In/Sn=95/5, and the mixture of those as a rate is also at the 
atomic ratio of In and Sn. Moreover, the frequency of the supersonic vibration was set to the nozzle 3 
at f= 120kHz, the middle particle diameter of 20 micrometers, and 50 micrometers of effective particle 
diameters using the SONOTEKKU system by Iwashita Engineering, the base 5 for covering — the, 
Corning make — the glass substrate of **7059 was used. 

[0019] According to the above-mentioned conditions, the thin film (film 6 for transparence electric 
conduction) of a sol-like organic metal compound was produced on the base 5 for covering by the 
formation approach of the transparence electric conduction film of drawing 1 . 

[0020] Subsequently, the base 5 with which this film 6 for transparence electric conduction was formed 
was fed into the heater (not shown), it heated at 500 degrees C in air, heating oxidization of this film 6 
for transparence electric conduction was carried out, and the chemical change was carried out to the 
transparence electric conduction film which consists of a multiple oxide of an indium and tin. This, 
transparence electric conduction film is 10 micrometers or less in thickness, and resistivity : became> 
homogeneous membrane 5 formation of 2 : - 10 kilohm / *** within the limits. Moreover, the: optical 
permeability in the light field of this transparence electric conduction film was as good as 90 — 100%, and 
uniform over the film surface moreover. 

[0021] (Example 2) In the above-mentioned (example 2), when others formed the transparence electric 
conduction film which consists of a multiple oxide of an indium and tin by the same approach without 
impressing supersonic vibration to a nozzle, this resistivity was within the limits of 5 - 100 kilohm / **, 
and that value had large dispersion by the membranous part. And dispersion according [ the optical 
permeability in the light field of this transparence electric conduction film ] to 60 - 90% and a part was 
large, and became the film of inferior quality. 

[0022] (Example 3) the above-mentioned (example 1 ) — setting — the liquefied metallic compounds 2 - 
- neo decanoic-acid antimony Sb(C9 H19COO) 4 Neo decanoic-acid tin (C9 H19COO) Sn 4 mixture — 
using — the mixing ratio — the acetylacetone was used for the solvent of Sn/Sb=92/8, and the mixture 
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of those as a rate is also at the atomic ratio of Sb and Sn. And when others formed the transparence 
electric conduction film which consists of a multiple oxide of antimony and tin by the same approach, it 
was two to 1 6 kilohm /**, and the optical permeability in the light field of this transparence electric 
conduction film was 93 - 100% t and the resistivity of each of this Rhine was homogeneous over this 
whole film. 
[0023] 

[Effect of the Invention] Since it is the spray method which impresses supersonic vibration to a nozzle 
according to the formation approach of the transparence electric conduction film of this invention the 
above passage It equalizes, while the path of the generated fog-like metallic compounds becomes small, 
and such fog-like metallic compounds adhere to the front face of the base for covering efficiently. By 
this Neither translucency nor conductive variation is between the transparence electric conduction film 
which could form the transparence electric conduction film with which the nonuniformity of thickness 
became very small, consequently was arranged by a large number, and the uniform property was 
acquired. 

[0024] Moreover, when it was the formation approach of this transparence electric conduction film, 
vacuum devices were not needed, the needlessness of those facility costs was carried out, and the 
needlessness also of that maintenance was carried out, and it also became easy to large-area-ize a 
membrane formation side further. 
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DESCRIPTION OF DRAWINGS . 
[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the formation approach of the transparence electric 
conduction film of this invention. 

[Drawing 2] It is the sectional view of the nozzle shown in drawing 1 . 
[Description of Notations] . 

2 .... Liquefied- metallic; compounds^ 

3 .... Spray 

5 .... Nozzle 

6 .... Film for transparence electric conduction 

9 .... Atomization side 

10 ... Piezoelectric device 
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